THE PURPOSE OF THIS LETTER is TO EXAMINE BOTH MOTIVATIONS
and progress in the area of speech recognition (that is, word recognition). There is a reason for this beyond the fun and insight that such an investigation affords. The country is supporting such work. Is this wise? Are we getting our money's worth?
The sort of human behavior encouraged by the lush funding of science and engineering after World War II, and especially after Sputnik, has been more imitated and elaborated than commented on or analyzed. Some of the strangest aspects of post-Sputnik behavior are exhibited in work on speech recognition as well as in other intriguing fields such as space, artificial intelligence, and cybernetics. One of the most fascinating aspects of behavior in such fields is its motivation.
It would be too simple to say that work in speech recognition is carried out simply because one can get money for it. That is a necessary but not a sufficient condition. We are safe in asserting that speech recognition is attractive to money. The attraction is perhaps similar to the attraction of schemes for turning water into gasoline, extracting gold from the sea, curing cancer, or going to the moon. One doesn't attract thoughtlessly given dollars by means of schemes for cutting the cost of soap by 10%. To sell suckers, one uses deceit and offers glamor.
It is clear that glamor and any deceit in the field of speech recognition blind the takers of funds as much as they blind the givers of funds. Thus, we may pity workers whom we cannot respect. People who work in the field are full of innocent (in their own view) enthusiasm. What particular considerations have led to this enthusiasm?
Perhaps the soundest is a philosophical problem expressed in Turing's game.1 Turing asked, On what basis can we say that a machine thinks? His perfectly rational answer was that if, in conversing with a machine, we cannot tell whether it is a human being or a machine, then we can scarcely deny that the machine thinks.
I believe that this sensible philosophical problem has been a considerable inspiration to workers in speech recognition (and also, for that matter, in speech synthesis). In science fiction, computers listen to (and talk to) human beings, as Hal does in the movie 2001.
We should consider, however, that in deception, studied and artful deceit is apt to succeed better and more quickly than science. Experience teaches us that pretended telepathy or pretended communication with the dead is more convincing than the real thing if, indeed, the real thing exists. And, Weizenbaum's doctor program2 has shown us that, via teletypewriter, a computer can "sound" much like a psychoanalyst (to the novice, at least) without really thinking at all. Indeed, a wag has proposed that computers are becoming so nearly human that they can act without thinking.
It is reasonable to believe that Turing's game may best be approached with the sort of artful deceit that men use in conversation when they want to hide their ignorance and make the most of their knowledge. It would perhaps be easier for a speaking computer to convince the listener that it was so deep as to be unintelligible, and had a cold or spoke with a Merovingian accent, than it would be for a speaking computer to understand what was said and reply sensibly in good, lifelike general American.
It seems dubious, anyway, whether Turing's interesting game is sufficient justification for spending much money on speech recognition. When we look further for reasons, we encounter that of communication with computers.
In this general form, the reason is as specious as insisting that an automobile should respond to gee, haw, giddap, whoa, and slaps or tugs of the reins. We communicate with children by words, coos, embraces, and slaps. We communicate with people by these means and by nods, winks, and smiles. It is not clear that we should resort to the same means with computers. In fact, we do very well with keyboards, cards, tapes, and cathode-ray tubes.
What about the possibility of directing a machine by spoken instructions? In any practical way, this art seems to have gone downhill ever since the limited commercial success of Radio Rex, a toy dog that jumped from his house when his name was spoken. Researchers are hard at it, however. Will they succeed ?
There are strong reasons for believing that spoken English is, in general, simply not recognizable phoneme by phoneme or word by word, and that people recognize utterances, not because they hear the phonetic features or the words distinctly, but because they have a general sense of what a conversation is about and are able to guess what has been said. William James wrote, in 18994 :
When we listen to a person speaking or read a page of print, much of what we think we see or hear is supplied from our memory. We overlook misprints, imagining the right letters, though we see the wrong ones; and how little we actually hear, when we listen to speech, we realize when we go to a foreign theatre; for there what troubles us is not so much that we cannot understand what the actors say as that we cannot hear their words. The fact is that we hear quite as little under similar conditions at home, only our mind, being fuller of English verbal associations, supplies the requisite material for comprehension upon a much slighter auditory hint. This wisdom is confirmed by various anecdotes. It is said that a native speaker can understand a conversation on a noisy streetcar where a foreigner very fluent in the language cannot. In persistent efforts to understand noisy or indistinct speech, we continually try to guess what the utterance might be, and a conviction as to its content, even a false conviction, is catching.8 Totally deaf people can understand speech by reading lips, and yet the clues they follow cannot be sufficient for deciphering all phonemes or even all words. A stenotypist can transcribe a stenotype record despite the fact that not all words are represented unambiguously.
These considerations lead us to believe that a general phonetic typewriter is simply impossible unless the typewriter has an intelligence and a knowledge of language comparable to those of a native speaker of English. This leaves a narrower question open. Are more limited, satisfactory economic applications of voice control realizable? Radio Rex was certainly a limited success. But, would something more, say, response to the 10 digits, or to some other limited vocabulary, be successful and worthwhile?
Another justification of speech recognition is sometimes given: that through such work we learn something about speech. This no one can deny. We do learn something. The argument would be more impressive, however, if those who engage in recognition showed more signs of an effective effort to learn about speech and
LETTERS TO THE EDITOR
We all believe that a science of speech is possible, despite the scarcity in the field of people who behave like scientists and of results that look like science.
Most recognizers behave, not like scientists, but like mad inventors or untrustworthy engineers. The typical recognizer gets it into his head that he can solve "the problem." The basis for this is either individual inspiration (the "mad inventor" source of knowledge) or acceptance of untested rules, schemes, or information (the untrustworthy engineer approach).
We would expect a scientist to check the literature concerning ideas, schemes, or information. Perhaps some point is old and has been established or confuted by a clear, simple, definitive experiment. If there is no clear experimental evidence, it might be possible for a scientist to devise a clear, simple, definitive experiment. So, a science of speech might grow, certain step by certain step.
The typical recognizer will have none of this. He builds or programs an elaborate system that either does very little or flops in an obscure way. A lot of money and time are spent. No simple, clear, sure knowledge is gained. The work has been an experience, not an experiment.
Those who are interested can trace in detail the uncertain course (if not progress) of speech recognition through the literature. Lindgren, 6 Marill, 7 David,8 David and Selfridge,9 Sections 11.2, 11.4, and 12.2 of a book by Saposhkov,10 and Section 5.5 of Flanagan's book11 cover much early work. Relevant Russian work is referred to by Kozhevnikov and Chistovich.12 References 8-46 cover a wide variety of approaches.
It is hard to gauge the success of an attempt at speech recognition even when statistics are given. In general, it appears that recognition around 95% correct can be achieved for clearly pronounced, isolated words from a chosen small vocabulary (the digits, for instance) spoken by a few chosen talkers. Better results have been attained for one talker. Performance has gone down drastically as the vocabulary was expanded, and appreciably as the number and variety of talkers were increased. It is not easy to see a practical, economically sound application for speech recognition with this capability.
The arguments given earlier may lead us to believe that performance will continue to be very limited unless the recognizing device understands what is being said with something of the facility of a native speaker (that is, better than a foreigner who is fluent in the language). If this is so, should people continue work toward speech recognition by machine? Perhaps this is for people in the field to decide. Certainly, it would seem appropriate that before embarking upon such work, the worker should candidly ask and answer the following questions:
Why am I working in this field? What particular thing do I hope to accomplish? Why is it worthwhile? Am I likely to succeed? How will I know whether or not I have succeeded? Where will success take or leave me?
Any application of the foregoing discussion to work in the general area of pattern recognition is left as an exercise for the reader.
The writer was fortunate in not having to seek out Refs. 8-46 for himself; he found them in a list of references compiled by S. R. Hyde of the Joint Speech Research Unit, Ruislip, Middlesex, England.
